Introduction
============

*Salmonella* spp. are important zoonotic pathogens involved in human foodborne illness ([@B9]; [@B34]). Most cases of salmonellosis are associated with ingestion of contaminated food such as poultry, milk, beef, pork, eggs, fruits and vegetables ([@B16]). Contaminated pork meat may be responsible for up to 25% of this illness, being *Salmonella* Typhimurium the most common serotype isolated ([@B6]; [@B21]).

The reservoir of *Salmonella* is the intestinal tract of domestic animals, including pigs. *Salmonella* infection in pigs is sub-clinical; shedding is intermittent for long periods and leading the infection in some farms ([@B2]). The prevalence of shedding may increase from farm to slaughter because pigs are exposed to a variety of potential stressors during transport, increasing the number of animals carrying and shedding *Salmonella* as well as its levels in the gastrointestinal tract ([@B4]; [@B44]). Some slaughter operations, such as handling of the gastrointestinal tract, can influence the bacterial contamination of carcasses, equipment, floors and personnel ([@B3]). In addition, environmental *Salmonella* serotypes could produce cross contamination on the slaughter line or during quartering. The molecular tracing of *Salmonella* isolates along the pork production chain represents a suitable tool to evaluate cross contamination ([@B18]).

Molecular typing is a useful method for distinguishing among different bacterial isolates that can be used to trace the origins of pathogenic bacteria ([@B11]). For instance, the enterobacterial repetitive intergenic consensus-polymerase chain reaction (ERIC-PCR) analysis is useful to highlight relationships among strains of *Salmonella* isolated from different sources ([@B37]; [@B13]).

*Salmonella* gastroenteritis is a self-limiting illness although severe cases in immune-compromised, and elderly people or neonates may require effective antimicrobial therapy ([@B41]). The use of antimicrobial agents in human and veterinary medicine can lead to the emergence and spread of antimicrobial-resistant *Salmonella*, particularly multidrug-resistant (MDR) strains. Thus, infections with MDR *Salmonella* through contaminated food of animal origin have become a worldwide public health concern ([@B44]; [@B45]).

In Argentina, the National Zoonotic Disease Control Program of the Ministry of Health has incorporated salmonellosis into more important zoonotic diseases of the country ([@B8]). Nevertheless, few studies report the prevalence of *Salmonella* in the pork production chain in our country, so that the importance of this pathogen in the region is not well-established. Therefore, taking into account the hazard of consuming pork meat contaminated with *Salmonella* and the dissemination of MDR strains ([@B44]), the aim of this study was to determine the prevalence, serotypes and antibiotic resistance of *Salmonella* strains isolated in the pork production chain, and to assess the possible genetic relationships among *Salmonella* isolates by ERIC-PCR.

Materials and Methods {#s1}
=====================

Management of Farms and Animals
-------------------------------

The study was conducted in two pig farms which were intensively organized in total confinement. Production stages (gestation, farrowing, weaning and growing/finishing \[fattening\]) were geographically separated from each other within the same farm. When litters reached 70 days of age and a weight of 35 kg, they were transferred to the fattening or termination area. Each enclosure was divided into rooms and each room consisted of a variable number of pens depending on the size of the group. Partitions between pens were made of concrete. The usual group size varied between 10 and 30 pigs. Pigs and employees moved from one building to another by means of corridors isolated from external traffic. All herds received pelleted feed from the same manufacturer.

Management of Carcasses Before Transport to Retail Markets
----------------------------------------------------------

Pigs at the finishing production stage were transported to the slaughterhouse. After slaughtering, pork carcasses were chilled for 24--48 h and sent to boning rooms in refrigerated trucks, where they were boned to products such as meat and minced meat. Finally, the products were transferred to retail markets.

Sample Collection
-----------------

Seven hundred and sixty four samples were collected from two pig production systems, including farms, slaughterhouses, boning rooms and retail markets located in Buenos Aires province, Argentina, from 2012 to 2015.

This study was carried out in accordance with the recommendations of the Animal Welfare Committee from the School of Veterinary Sciences, UNCPBA, 087/02.

Pig Farm Sampling
-----------------

From a total of 348 samples collected, 277 corresponded to rectal swabs randomly taken from different animals at different production stages, and 71 were obtained from the farm environment by swabbing randomly drinking water, pelleted feed and feces on the floor.

Slaughterhouse Sampling
-----------------------

A total of 147 samples were taken at slaughter. From these, 22 were from rectal swabs after slaughter, 85 from carcasses and 40 from the slaughter environment.

Carcass swabs were taken according to memo No 3496/02 of the National Service of Agrifood Health and Quality (SENASA, for its Spanish acronym) ([@B35]). Five quarter areas of 100 cm^2^ each were taken and processed separately (head, external rectum, internal rectum, external thoracic and internal thoracic) (**Figure [1](#F1){ref-type="fig"}**). Environmental samples were obtained at different points in the slaughter line (pre-washing, scalding, deharing, dressing and cooling) and from knives.

![Sites on pig carcass.](fmicb-09-01370-g001){#F1}

Boning Room Sampling
--------------------

From a total of 182 samples, 95 were collected from carcasses in the same way as slaughterhouse samples (**Figure [1](#F1){ref-type="fig"}**), 24 were from meat, 23 from minced meat and 40 from environmental samples obtained by swabbing randomly, refrigerated trucks and meat contact surfaces, such as meat tables, knives, meat mincing machine and vertical band saw machine.

Retail Market Sampling
----------------------

A total of 87 samples were collected by swabbing randomly meat (43), minced meat (13) and from the environment (31) namely, meat tables, knives, vertical band saw machines and refrigerators).

Microbiological Analysis
------------------------

Samples were processed according to the FDA Bacteriological Analytical Manual, with modifications. Briefly, each swab was homogenized in 225 ml of buffered peptone water and incubated at 37°C for 20 h. Then, 0.1 ml culture medium was inoculated into 10 ml Rappaport-Vassiliadis broth and incubated at 42°C for 24 h. Another 1 ml from the same pre-enrichment culture was inoculated into 10 ml of Tetrathionate Broth Base with iodine solution and incubated at 37°C for 24 h. Each selective enrichment broth was streaked onto Hektoen Enteric agar. Following incubation at 37°C for 24 h, presumptive *Salmonella* colonies were checked by Triple Sugar Iron (TSI) agar and Lysine Iron Agar (LIA).

*invA* Gene Detection by PCR
----------------------------

All biochemically typical *Salmonella* isolates were analyzed by PCR to detect the *invA* gene ([@B30]). DNA was extracted following methodologies previously described by [@B29]. Amplification of DNA was performed in a total volume of 50 μl. The reaction mixture contained 500 mM KCl, 100 mM Tris--HCl pH 9, Triton X-100, 25 mM MgCl~2~, 200 μM of each deoxynucleotide (dATP, dGTP, dCTP, dTTP), 1U *Taq*DNA Polymerase Highway^®^ (Inbio) and 5 μl DNA. The initial denaturation at 94°C for 10 min was followed by 30 cycles of denaturation at 94°C for 1 min, annealing at 60°C for 1 min and extension at 72°C for 2 min, with a final extension at 72°C for 10 min. Amplification products were separated by electrophoresis on 2% agarose gels containing 0.8 μg/ml ethidium bromide in running buffer and visualized by UV transillumination.

Serotyping
----------

*Salmonella* serotyping was performed according to the White--Kauffmann-Le Minor scheme by slide (O antigen) and tube (H antigen) agglutination, using specific antisera (Instituto Nacional de Producción de Biológicos (INPB) - ANLIS "Dr. Carlos G. Malbrán", Argentina).

Antibiotic Susceptibility
-------------------------

Isolate antibiotic susceptibility profiles were determined by the disk diffusion method according to the Clinical and Laboratory Standards Institute Guidelines ([@B12]). The following antibiotics were assessed: ampicillin (AMP 10 ug), cephalothin (CEF 30 μg), cefotaxime (CTX 30 μg), cefoxitin (FOX 30 μg), amoxicillin/clavulanic acid (AMC 20/10 μg), gentamicin (GEN 10 μg), amikacin (AKN 30 μg), streptomycin (S 300 μg), tetracycline (TET 30 μg), nalidixic acid (NAL 30 μg), trimethoprim/sulfamethoxazole (TMS 1.25/23.75 μg), ciprofloxacin (CIP 5 μg), chloramphenicol (CMP 30 μg), nitrofurantoin (NIT 300 μg), fosfomycin (FOS 50 μg) and colistin (COL 10 μg). *Salmonella* isolates were reported as susceptible, intermediate or resistant ([@B15]). Multidrug-resistance (MDR) was defined as strain resistance to three or more antibiotic families ([@B25]).

ERIC-PCR Analysis
-----------------

All isolates were cultured in TSA (Britania), at 37°C for 24 h; four colonies were taken and then boiled for DNA extraction. The primers used for ERIC-PCR were: ERIC-1R (5′-ATGTAAGCTCCTGGGGATTCAC-3′) and ERIC-2 (5′-AAGTAAGTGACTGGGGTGAGCG-3′) ([@B39]). Amplification of DNA was performed in a total volume of 50 μl. The reaction mixture contained 500 mM KCL, 100 mM Tris--HCL pH 9, Triton X-100, 25 mM MgCl~2~, 200 μM of each deoxynucleotide (dATP, dGTP, dCTP, dTTP), 1U *Taq* DNA Polymerase from Highway^®^ and 5 μl DNA. The amplification cycles consisted in an initial denaturation at 94°C for 2 min, followed by 35 cycles of denaturation at 94°C for 30 s, primer annealing at 52°C for 1 min, an extension at 72°C for 4 min and a final extension at 74°C for 4 min. The amplification products were separated by 1.5% agarose gel electrophoresis using a 1 kb molecular weight marker plus ladder. Electrophoresis conditions were 100 V for 1 h in Tris-Borate-EDTA with ethyl bromide (0.8 μg/ml).

Data Analysis
-------------

DNA fingerprints were analyzed by using a computer program for comparative analysis of DNA electrophoresis patterns (TotalLab Limited 2013). After normalization and alignment of the different DNA profiles, the relative genetic similarity among *Salmonella* spp. isolates was calculated and visualized by cluster analysis. ERIC-PCR products were defined as presence (a score of 1) and absence (a score of 0) of the DNA band. A dendrogram was generated with the BioNumerics vs. 6.6 software (Applied-Maths) using the Unweighted Pair Group Method with Arithmetic Mean (UPGMA). The discrimination index (*D*-value) was calculated by Simpson's diversity index ([@B19]).

Results
=======

Prevalence of *Salmonella* spp.
-------------------------------

A total of 34 out of 764 samples (4.5%) were *Salmonella* spp.-positive, as determined by biochemical tests and presence of the *invA* gene.

In farms, 3% (11/348) of positive samples were found. From these, 0.7% (2/277) corresponded to the gestation stage and 9% (7/71) to the environment (pelleted feed and floor samples). In slaughterhouses, 2.0% (3/147) of samples were positive. All of them were isolated from the environment (holding pens, holding pen wastewater and rectum of a pig after slaughter). In boning rooms, 8.2% (15/182) of samples were *Salmonella* spp.-positive and namely from the environment (17.5%, 7/40), carcasses (6.3%, 6/95) and meat (4.2%, 2/47). The distribution of positive samples according to the different carcass quarters was 50% (3/6) from the external thoracic region, 16.6% (1/6) from the external rectum, 16.6% (1/6) from the internal rectum and 16.6% (1/6) from heads. In retail markets, 8.0% (7/87) of samples isolated from pork meat and minced meat ready for sale were positive for *Salmonella* spp.

Serotyping
----------

Strains were classified into five serotypes and distributed as follows: *Salmonella* Typhimurium along the pork production chain, *S*. Kentucky in farms and slaughterhouses, *S*. Brandenburg in slaughterhouses*, S*. Livingstone in farms and *S*. Agona in boning rooms and retail markets (**Table [1](#T1){ref-type="table"}**). The prevalence of *S.* Typhimurium was significantly higher than that of other serotypes (77.2%), followed by *S*. Agona (11.4%), *S*. Kentucky (5.7%) *S*. Livingstone (2.9%) and *S*. Brandenburg (2.9%).

###### 

Prevalence of *Salmonella* in farms, slaughterhouses, boning rooms and retail markets, and serotypes identified.

  Source/sample isolate   Samples analyzed (n)   Positive samples (%)^(a)^   Serotype^(b)^
  ----------------------- ---------------------- --------------------------- ----------------------
  Farm                                                                       
  Different categories    277                    2 (0.7)                     *S.* Typhimurium (2)
  Environment             71                     7 (9)                       *S.* Typhimurium (5)
                                                                             *S*. Livingstone (1)
                                                                             *S.* Kentucky (1)
  Slaughterhouse                                                             
  Rectal swabs            22                     0 (0)                       
  Carcasses               85                     0 (0)                       
  Environment             40                     3 (7.5)                     *S.* Typhimurium (1)
                                                                             *S*. Brandenburg (1)
                                                                             *S*. Kentucky (1)
  Boning room                                                                
  Carcasses               95                     6 (6.3)                     *S.* Typhimurium (6)
  Meat/minced meat        47                     2 (4.2)                     *S.* Typhimurium (2)
  Environment             40                     7 (17.5)                    *S.* Typhimurium (5)
                                                                             *S*. Agona (2)
  Retail market                                                              
  Meat                    43                     1 (2.3)                     *S.* Typhimurium (1)
  Minced meat             13                     6 (46)                      *S.* Typhimurium (5)
  Environment             31                     0 (0)                       *S*. Agona (1)
  Total samples           764                    34 (4.5)                    

\(a\)

Percentage of positive sample per type of sample.

\(b\)

Number of serotypes isolated per sample.

Antibiotic Susceptibility of *Salmonella* Isolates
--------------------------------------------------

All of the 34 *Salmonella* isolates tested were resistant to at least one antimicrobial agent, whereas 30 were MDR and resistant to different classes of antibiotics, including β-lactamase, fluoroquinolones, chloramphenicol, aminoglycosides and tetracyclines. Resistance to β-lactams ampicillin (86.1%) and amoxicillin/clavulanic acid (19.4%) was most frequently observed, followed by cephalothin and cefoxitin (16.6%). Percentages of resistance to aminoglycosides such as gentamicin, streptomycin and amikacin were 86, 5.5, and 5.6%, respectively. In the case of tetracycline, 80.5% of isolates showed resistance. Concerning fluoroquinolones, percent resistance was 72.2 and 8.3% to nalidixic acid and ciprofloxacin, respectively. *Salmonella* isolates also exhibited resistance to chloramphenicol (22%), colistin (8.8%) and fosfomycin (2.8%). Some isolates exhibited intermediate sensitivity to cephalothin (38.8%), amoxicillin/clavulanic acid (36.6%) and colistin (27.7%). When antimicrobial resistance was analyzed by source of isolates, farms and retail markets showed the highest rate of resistance to antibiotics of all classes, followed by boning rooms and slaughterhouses. When analyzed by serotype, *S.* Typhimurium and *S*. Agona were the most resistant, followed by *S*. Brandenburg, *S*. Kentucky and *S*. Livingstone (**Table [2](#T2){ref-type="table"}**).

###### 

Antimicrobial resistance of *Salmonella* according to source and serotype.

  Source/sample isolate   Serotype               Resistance (%)                                                                                 
  ----------------------- ---------------------- ---------------- ---- ---- ----- ----- ----- ----- ----- ----- ----- ---- ---- ----- ---- ---- -----
  Farm                                                                                                                                          
  Different categories    *S.* Typhimurium (2)   100              0    0    50    50    100   50    0     100   100   0    50   50    0    0    50
  Environment             *S.* Typhimurium (5)   100              0    20   20    0     100   0     0     100   100   0    20   20    0    0    0
                          *S*. Livingstone (1)   0                0    0    0     0     0     0     0     0     0     0    0    100   0    0    0
                          *S.* Kentucky (1)      100              0    0    0     0     0     0     0     0     0     0    0    0     0    0    0
  Slaughterhouse                                                                                                                                
  Rectal swabs            *S.* Typhimurium (1)   100              0    0    0     0     0     0     0     100   0     0    0    0     0    0    0
  Carcasses               *S*. Brandenburg (1)   100              0    0    0     0     0     0     0     0     0     0    0    100   0    0    0
  Environment             *S*. Kentucky (1)      0                0    0    0     0     0     0     0     100   0     0    0    0     0    0    0
  Boning room                                                                                                                                   
  Carcasses               *S.* Typhimurium (6)   100              33   0    33    16    100   0     0     100   100   16   0    16    0    0    0
  Meat/minced meat        *S.* Typhimurium (2)   100              0    0    50    0     100   0     0     100   0     0    0    0     0    0    0
  Environment             *S.* Typhimurium (5)   80               20   20   0           80    0     0     80    80    0    0    0     0    0    0
                          *S*. Agona (2)         0                50   0    0     50    100   50    0     0     0     0    0    50    50   0    0
  Retail market                                                                                                                                 
  Meat                    *S.* Typhimurium (1)   100              33   0    0     66    100   0     16    100   100   0    0    16    0    16   0
  Minced meat             *S.* Typhimurium (5)   100              0    0    0     0     0     100   0     100   100   0    0    0     0    0    0
                          *S*. Agona (1)         0                0    0    100   100   100   100   100   0     0     0    0    0     0    0    100

Subtyping by ERIC-PCR
---------------------

All *Salmonella* spp. strains were analyzed by ERIC-PCR. The relationships among isolates on the basis of ERIC fingerprints are presented in **Figure [2](#F2){ref-type="fig"}**. Multiple DNA fragments of all strains generated with ERIC primers were composed of 6--10 bands ranging between 100 bp and 4 Kb.

![Dendrogram showing genetic relatedness, source, sample type and serotype of *Salmonella* strains isolated along the pork production chain. (^∗^) Multiple DNA fragments of all strains generated with ERIC-PCR are shown on top of the figure. Black, presence of band; White, absence of band.](fmicb-09-01370-g002){#F2}

The ERIC-PCR analysis and strain clustering produced 18 strains grouped in five clusters (I and V) and 16 strains with unique patterns at a *D*-value of 0.90. Strains with identical profile were isolated from different sources. Strains of clusters II, III, IV, and V presented the same serotype, strains were isolated from boning room (I and IV), farm (V) and boning room and retail markets (II and III). Cluster I had two different serotypes (*S*. Typhimurium (Identical *S*. Typhimurium and *S*. Agona) and two strains isolated from the boning room environment. Cluster II included five strains, two isolated from boning rooms (carcasses and environment) and three isolated from retail markets (meat). Cluster III included three strains from the boning room environment and other three from retail markets (meat and minced meat). Cluster IV comprised three strains from the boning room environment and cluster V contained two strains isolated from farm floor.

Discussion
==========

In this study, the characterization of *Salmonella* strains in the pork production chain is reported. The prevalence of *Salmonella* spp. at different stage of production from other countries are variable and it is important when comparing prevalence since the variation may be due to factors, such as sampling method and samples processing.

Although the routes of access of *Salmonella* onto pork meat differ according to the stage of the process, the main factor is the supply of *Salmonella* colonized pigs onto the slaughter line, with the consequent contamination of carcasses and meat, both sources of foodborne pathogens ([@B22]). Evisceration and subsequent cross-contamination of neighboring carcasses by splash, handling and contact with surfaces are all important aspects ([@B3]). In our study, *Salmonella* was detected in 3% of pig farm samples, as opposed to the high prevalence reported by [@B21] in Brazil and [@B4] in Italy. The main factor of pig farm *Salmonella* epidemiology is concerned with the introduction of bacteria, the subsequent transmission to pigs and the introduction of contaminated feed ([@B40]). We found positive samples in feed, as reported by [@B42], who reported that feed can be considered a risk factor for *Salmonella*.

Our results showed that the prevalence of *Salmonella* in slaughterhouses, boning rooms and retail markets was 2.0, 8.2 and 8.0%, respectively. The information gathered from carcasses in boning rooms and meat from retail markets agreed with that reported in previous studies from different countries showing the high prevalence of *Salmonella* in pig carcasses and meat. For instance, the prevalence of *Salmonella* was 16.7% in China ([@B24]), 10.86% in Spain ([@B18]), 13.8% in Germany ([@B26]) and 24.1% in Argentina ([@B20]). Since some carcass areas are more likely exposed to potential contamination or cross contamination, sampling at three or four carcass sites is recommended. The external area involves a particular risk of contamination during the early stages of dressing ([@B33]). Our findings showed that the external surface was the most contaminated area, whereas the prevalence of *Salmonella* in equipment was 17.5%, including splitting and mixing machines, processing table and hook. The rol of equipment in carcasses contamination is important, partly due to the possible buildup of bacteria in or on the equipment during working hours ([@B42]). In retail markets, *Salmonella* recovery was 8.04%, higher than the 0.3 and 4.3% reported by [@B14] in different pork retailers in Belgium. Contamination levels from pork meat in retail markets depend mainly on the quality of raw materials and products, handling, time and temperature.

All isolates analyzed were genetically confirmed as *Salmonella*-positive by the presence of the *invA* gene. This result is in agreement with that previously reported by other authors ([@B28]; [@B23]).

One of the most common serotypes causing human salmonellosis in many countries is *S*. Typhimurium ([@B7]; [@B34]), which was the main serotype identified in this study. In other reports, this serotype was also found to be predominant in pig and pork products ([@B5]; [@B21]; [@B4]), while other serotypes such as *S*. Agona, *S*. Brandenburg, *S*. Kentucky and *S*. Livingstone were also reported in pigs in previous studies ([@B5]; [@B18]).

The surveillance of *Salmonella* resistant to antimicrobial vary from 20 to 30% in the 1990s to 70% in some countries in 2000s ([@B36]). The use of antimicrobials in food animals as growth promoters and metaphylactic, prophylactic and therapeutic agents, allows the emergence of antimicrobial-resistant *Salmonella* ([@B43]). Our findings are similar to those previously described, showing that *Salmonella* isolates from pigs and pork meat are commonly MDR. However, resistance rate was much higher than that reported in the United States and China ([@B10]), Romania ([@B26]) and Argentina ([@B20]), and the highest frequency was for ampicillin resistance, followed by gentamicin, tetracycline and nalidixic acid. Similar results were found in *Salmonella* isolates from other countries ([@B38]; [@B21]). Fluoroquinolones and cephalosporins are potentially lifesaving treatments for extraintestinal infections. Interestingly, the co-resistance to fluoroquinolones and cephalosporins found in our isolates could limit the effective treatment of *Salmonella* infections in humans, as reported by [@B24]. Colistin is an antimicrobial peptide commercialized in both human and veterinary medicine which has been extensively used orally in pigs for the control of *Enterobacteriaceae* infections ([@B27]; [@B31]). In the present study, 8.8% of strains were colistin-resistant, suggesting the possible loss of colistin effectiveness in human treatment. In addition, is necessary the establishment of a guidelines for the use of colistin in pigs in countries where this drug is approved ([@B32]).

Of the serotypes identified in the present study, *S.* Typhimurium and *S*. Agona showed the highest rates of antimicrobial resistance and MDR. On the other hand, serotypes Kentucky, Livingstone and Brandenburg were relatively more susceptible to antimicrobial agents, indicating that the spread of MDR *S.* Typhimurium isolates is potentially serious, as already reported ([@B43]; [@B24]).

[@B37] standardized ERIC-PCR, a very useful method for quick typing of many *Salmonella* isolates. ERIC analysis showed clonal relatedness among strains isolated from boning rooms and retail markets, probably due to cross contamination in the deboning process. Five clusters grouped clonal *Salmonella* strains obtained from at least two types of samples. This method is simple, rapid and cheap for typing bacterial strains associated with foodborne outbreaks ([@B1]). However, we could not differentiate even intra-serotype isolates, as reported by [@B17]. Future analyses using reliable techniques for discriminating different *Salmonella* serotypes, such as pulsed-field gel electrophoresis, could be appropriate.

Based on our results, isolates from different sources may have originated from a single clone and transmitted along the production chain. That cross-contamination has considerable potential of further spread and dissemination of *Salmonella* spp.

Conclusion
==========

Our findings demonstrate the occurrence of *Salmonella* contamination along the pork production chain in Buenos Aires province, Argentina. Surveillance of *Salmonella* in pork meat and characterization of isolates can contribute to the understanding of the epidemiology of this pathogen. Additionally, many *Salmonella* isolates were resistant to multiple antimicrobials, and the presence of this pathogen in the food chain represents a risk for human health. The high rates of MDR *Salmonella* detected suggest that some measures should be taken for the reasonable use of antimicrobials in animal husbandry. These results reinforce the need of an integrated *Salmonella* control program based on pre-harvest good management practices in the farm. A prudent use of antimicrobials and control of critical point systems at post-harvest should be implemented to decrease the hazard of *Salmonella* transmission to consumers. Therefore, implementation of proper hygiene practices during the pork meat production process should be enforced. Isolate characterization should contribute to the understanding of *Salmonella* epidemiology and to conducting food surveillance directed toward this pathogen. Implementation of a comprehensive program covering the entire food value chain continuum from 'farm to fork' is important for *Salmonella* control.
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